Abstract-Retrieval relevance feedback is an iterative search technique to bridge the semantic gap between the high level user intention and low level data representation. This technique interactively determines a user's desired output or query concept by asking the user whether certain proposed 3D models are relevant or not. In the past, most research efforts in 3D model retrieval field have focused on designing algorithms for traditional relevance feedback. Given a 3D model retrieval system, it can collect and store users' relevance feedback information in a history log, 3D model retrieval system can take advantage of the log data of users' feedback to enhance its retrieval performance. In this paper, we propose a unified 3D model retrieval relevance feedback framework that integrates the log data into the traditional relevance feedback schemes to learn effectively the correlation between low-level 3D model features and high-level concepts. In this 3D model retrieval relevance feedback scheme, we use a learning technique for relevance feedback, named biased support vector machine based relevance feedback. Experimental results show that this log-based scheme can achieves higher search accuracy than traditional query refinement schemes.
I. INTRODUCTION
With the recent increase in the number of threedimensional (3D) geometric models, 3D Retrieval has been an active research topic since the early 1990s, and development of the technology for effective retrieval of 3D models has become an important issue, and 3D model retrieval has been used in many application fields such as CAD, game, medicine, and molecular biology [1, 2] Keyword annotation-based retrieval is a traditional retrieval method, this approach first annotates 3D models by manually, and 3D models can then be retrieved by their corresponding annotations. However, as the size of 3D model repositories increases, the keyword annotation approach becomes difficult and infeasible. To overcome the difficulties of annotating by manually, it is necessary to explore content-based 3D model retrieval. Contentedbased 3D model retrieval system first need compactly represent 3D model using features, and then a distance measure on these features should be defined.
Since a 3D shape can be described by some global or local geometric properties, such as volume, surface area, concentricity, curvature, and inertial moment, the similarity between arbitrary shapes will be measured by computing the distance between these kinds of features. Now, many approaches based on kinds of 3D shape features have been proposed to matching the similarity among 3D models [2, 3, 4, 5, 6, 7, 8, 9] .
These approaches focused on exploring various 3D shape feature representations, hoping to find a "best" 3D shape representation. However, a feature vector, which effectively captures the shape of a 3D model, is difficult to generate. Static feature representations and distances are often not sufficient for contented-based 3D model retrieval. After all, similarity is a subjective issue, dependent on the human viewer. Different users might have different interpretations regarding the similarity of models. This is one of the manifestations of the semantic gap, i.e. the gap between the abstract, high level user intention and low level data representation and processing. To cope with this semantic gap problem, relevance feedback was introduced to contented-based 3D model retrieval.
Relevance feedback is an iterative search scheme where the user is presented with results of a search and is allowed to select relevant and irrelevant objects. This technique derives or learns a user's query concept by a query refinement scheme. Relevance feedback has been used in the contented based retrieval of images and text [10, 11, 12, 13, 14, 15, 16] , and achieves higher search accuracy than search accuracy by only feature matching.
In the area of research for 3D model retrieval, relevance feedback algorithms have been presented also. The performance of relevance feedback based on SVM, or Biased Discriminate Analysis (BDA) is proposed in [17] . Hu etc. proposed a partial relevance feedback method in 3D model retrieval [18] . In [19] , a novel relevance feedback mechanism is presented, which effectively makes use of strengths of different feature vectors and perfectly solves the problem of small sample and asymmetry. However, from many researches which have been done in 3D model retrieval relevance feedback, given the difficulty in learning the users' information needs from their feedback, multiple rounds of relevance feedback are usually required before satisfactory results are achieved. As a result, the relevance feedback phase can be extremely time-consuming. Hence, it is required for a 3D model retrieval system with relevance feedback to achieve satisfactory results within as few feedback steps as possible, preferably in only one step. Traditional relevance feedback techniques are ineffective when the relevant samples are scarce in the initial retrieval results.
From a long-term learning perspective, log data of accumulated users' relevance feedback could be used as an important resource to aid the relevance feedback task in 3D model retrieval system.
In this paper, we proposed a log-based relevance feedback framework in interactive content-based 3D model retrieval systems to integrate the users' interpretation of semantic content into the notion of relevance feedback. Experimental results show that this relevance feedback scheme achieves higher search accuracy than traditional query refinement schemes.
The rest of this paper is organized as follows: Section 2 provides an overview of framework for the log-based 3D model retrieval relevance feedback problem. In section 2, gives a background review of Biased SVMs from the regularization perspective. Section 3 describes the empirical results for the log-based relevance feedback algorithm. Last, we conclude this work.
II. LOG-BASED 3D MODEL RELEVACNE FEEDBACK
Log-based relevance feedback can improve the effectiveness of relevance feedback scheme [15, 16] .Given that a 3D model retrieval system can collect and store users' relevance feedback information in a history log, and retrieval system should be able to take advantage of the log data of users' feedback to enhance its retrieval performance.
We first give an overview of proposed framework in this paper for log-based relevance feedback that systematically integrates the log data of users' relevance judgments with regular relevance feedback for 3D model retrieval. Fig. 1 shows the architecture of the proposed system. First, a user launches a query in a 3D model retrieval system for searching desired 3D model in databases. Second, the retrieval system computes the similarity between the user query and the 3D model samples in database using kinds of low-level features. Third, the retrieval system returns the most similar 3D model to the user. Last, a relevance feedback algorithm refines the initial retrieval results based on the user's relevance judgments and log of feedback, and returns an improved set of results to the user. In the retrieval system, the user's relevance feedback data is collected and stored in a log database. In the log-based relevance feedback scheme, collecting the log data of users' feedback is an important step. In our log-based relevance feedback scheme, we developed a relevance feedback mechanism to collect the relevance feedback from real-world users, and in this retrieval feedback scheme, a user provide his or her relevance judgments by simply ticking relevant 3D models from the retrieval pool, and then the relevance feedback labels save in log database.
A. Relevance Matrix
Before describing the problem of this log-based relevance feedback scheme for 3D model retrieval system, we need to organize the log data of users' feedback. Assume a user labels N 3D models in each round of regular relevance feedback, which is called a log session in this paper. Thus, each log session contains N evaluated 3D models that are marked the information of user's relevance feedback judgments. For the convenience of representation, in 3D model retrieval system, we can use a relevance matrix (Log) that includes the relevance feedback judgments from all log sessions.
To retrieve the desired 3D models, a user first present a query q, by providing a 3D model. Let M = {m 1 , m 2 , … , m n } denote the identity of 3D model in the database. Let F = {f 1 , f 2 , … , f n } denote the features of 3D model, where each f i is a vector that contain the low features of 3D model. Let Log = {l 1 , l 2 , … , l n }denote the log data in the log database, where each l i contains relevance judgments in the ith log session. Let RF = {(m 1 , y 1 ), (m 2 , y 2 ), … , (m n , y n )} is the collection of labeled 3D models acquires through the feedback for a user.
A log-based relevance feedback problem for 3D model retrieval is to look for a relevance function q f that maps each 3D model sample i m to a real value of relevance degree within 0 and 1 based on the feature representation of 3D models, the log data of users' feedback in log database, and the labeled 3D model acquired from user's feedback.
According to the above definition, to reduce the number of iterations of relevance feedback, an efficient learning algorithm should require only a small number of labeled 3D model examples from the relevance feedback. In this paper, we use the biased support vector machine for the relevance feedback learning.
B. Biased Support Vector Machine
Support vector machines (SVMs) are a group of supervised learning methods that can be applied to classification or regression, and SVMs have enjoyed solid theoretical foundations and have demonstrated outstanding performance in many empirical applications. In theory, SVM can be interpreted from the solid regularization theory framework which has been used in many machine learning problems [20, 21] .
The basic idea of SVMs is to divide the input space n R X ⊆ into two halfspaces by a hyperplane so that the generated halfspaces contain the classes to be distinguished. Given training data More generally, SVMs allow one to project the original training data in space X to a higher dimensional feature space F via a Mercer kernel operator K [22] . When K satisfies Mercer's condition, we can write:
Where F X → : φ , and ⋅ denotes an inner product. Hence, the goal of SVMs is to find the optimal separating hyperplane depicted by a vector w in the feature space F with the following form
The task for finding the optimal hyperplane turns out to be solving the primal optimization problem in the form of soft margin SVMs. 
Where v is a coefficient, i ξ is a relaxation term.
SVM are derived from classical SVM for solving density estimation problem. The optimal decision function of the sphere-based approach of SVM can be solving the optimization problem as follows [23] :
The SVM defined as (4) is also called hyper sphere support vector machine. In order to incorporate the negative information, the biased support vector machine is proposed from SVM [24] .
Applying SVM based techniques in 3D model retrieval feedback is similar to the classification task. The feedback needs to construct an evaluation function to produce the relevance value of the retrieval instances.
III. EXPERIMENT
In the experiments, we compare the performance of three different algorithms for 3D model retrieval feedback: active learner based on 1-SVM [15] , feedback based on BDA and fuzz relevance feedback based on FRBFN.
A. Datasets
To perform empirical evaluation of proposed logbased relevance feedback algorithm, the experiments are evaluated on a 3D model dataset which contain 14 categories, each of which contains 60 3D models. These various 3D models have different semantic meanings, such as fish, stool, table, car, and sofa etc.
B. 3D model Representation
For 3D model retrieval, the 3D model shape feature representation is an important step for evaluating the active learning relevance feedback algorithms. In order to verify the effectiveness of our log-based relevance feedback scheme, In this log-based relevance feedback scheme, we evaluate two traditional relevance feedback algorithms. In this paper, we choose three different 3D model descriptors to represent the 3D model: binary tree of 3D model [3] , concrete radialized spherical projection representation [6] and Size functions [7] . Feature binary tree of 3D model is a feature binary tree of 3D model based on spherical harmonics descriptor, and this feature binary tree is invariant to the rotation of 3D model. The spherical harmonics is defined as:
is Legendre polynomials, and the spherical harmonics descriptor is invariant to rotation.
Concrete radialized spherical projection representation is a 3D model descriptor based on spherical harmonics too. In his descriptor, the rotation invariance problem is alleviated by applying PCA on the face normal of the model (NPCA) and continuous principal component analysis (CPCA) on the surface points of the model. The 3D model is decomposed into a set of spherical functions which represents not only the intersection points of the model's surface with rays emanating from the origin but also all points in the direction of each ray that are closer to the origin than the furthest intersection point. Spherical functions are then expressed by spherical harmonic coefficients by applying the spherical harmonics transform individually to each spherical function.
Size functions are shape descriptors, in a geometrical/ topological sense. They are functions from the half-plane x y < to the natural numbers, counting certain connected components of a topological space. Size functions are a mathematical tool that has already shown its effectiveness for image retrieval and classification. In [7] , Biasotti etc. first derive a skeletal signature, which guarantees the topological coding and the geometric description of an object surface, and then size functions is used as a size graph to compute discrete size functions.
C. Experimental Results
Are log-based relevance feedback schemes more effective than traditional relevance feedback methods? In this paper, we compare the performance of log-based relevance feedback algorithms with some of traditional relevance feedback algorithms.
For a retrieval task, it is important to define a suitable metric for performance evaluation. Two metrics are employed in this paper. Accuracy on retrieval model, which is defined as the accurate 3D models among all the 3D models that have been retrieved. Number of model returned, which is defined as the relevant 3D models of retrieved among all 3D models in the data set. Figure 4 show the average top-k accuracy for the data set. We considered the performance of log-based relevance feedback after each round of relevance feedback. The experiment graphics indicate that the logbased relevance feedback performance clearly increases after each round. Figure 5 compare the retrieval performance after four round of log-based relevance feedback with the active querying based on SVM, and active querying based on BDA [16] . It is clear show that use of log-based relevance feedback is beneficial in the 3D model retrieval domain. Figure 6 compare the retrieval performance after four round of log-based relevance feedback using biased support vector machine with the active querying based on biased support vector machine which that not integrates the log of feedback data into the relevance feedback. It is clear that use of log-based relevance feedback can perform better in the 3D model retrieval domain.
Based on the above observations, we conclude that the algorithms for log-based relevance feedback in this paper can be expected to outperform the regular relevance feedback schemes, and we can empirically conclude that the log-based relevance feedback scheme in this paper is an effective way to improve the traditional relevance feedback techniques by integrating log data of users' relevance feedback.
II. CONCLUSIONS
Contend-based 3D model retrieval has emerged as one of the most active research areas in the past few years. This paper proposes a log-based relevance feedback scheme in 3D model retrieval system. This framework first computes the relevance function on the log data of user feedback and then combines the relevance information with regular relevance feedback for the retrieval task. The experiment result shows that this scheme can provide a powerful tool for contented-based 3D models retrieval, and this scheme not only achieves consistently higher accuracy on a wide variety of desired returned results, but also does it quickly and maintains high precision when asked to deliver large quantities of 3D model.
Log-based relevance feedback scheme in this paper can accept higher accuracy than traditional relevance feedback scheme. However, we must address the limitations of and the challenging issues with our relevance feedback scheme, as well as provide feasible directions for solving problems in future work.
The first limitation is the computational complexity problem. Two main computational costs are inherited.
One is the relevance computing of log data; and the other is the training cost of Biased SVM. Second, it may be possible to learn the relevance function more effectively. In the current scheme, we only consider the classification model in the space of 3D model features. It would be possible to apply the method in the reverse direction by first computing the labels from the 3D model features and then building a classification model in the space of the users' relevance judgments.
